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MEMORY MODULE, MEMORY CHIP, AND MEMORY SYSTEM 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a memory module including at 
least one command-address signal register and a plurality of memory chips. 
Each of the memory chips has a command-address signal terminal with an 
active-termination circuit. The memory chips are divided into a plurality of 
memory groups of even-numbered ranks. The command-address signal 
register is connected to the plurality of memory chips through internal wiring. 
The present invention further relates to a memory system using the above- 
described memory module and particularly relates to a memory module that 
can reduce signal reflections in a stub with a T-branch structure and operate 
with high speed and a memory system using this memory module. 

2. Description of the Related Art 

[0002] Fig. 1 illustrates an example known memory module 1 including 
a command-address register (CAR) 3 and a plurality of dynamic random 
access memories (DRAM) 2 as memory chips. This drawing illustrates the 
topology of command-address (CA) wiring of the memory module 1 . The 
DRAMs 2 of this memory module 1 are double-data-rate synchronous (DDR- 
S) DRAMs. 

[0003] In the memory module 1 , the DRAMs 2 are divided into two 
groups. One of the two groups includes four DRAMs 2 on one surface of a 
package substrate and four DRAMs 2 on the other surface thereof. The 
other of the two groups includes five DRAMs 2 on one surface of the 
package substrate and five DRAMs 2 on the other surface thereof. These 
two groups of DRAMs 2 and the CAR 3 are connected to each other through 
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the CA wiring with a T-branch structure. 

[0004] The above-described topology is provided for reducing the 
length of the CA wiring so as to reduce the area on which the CA wiring is 
provided. According to this configuration, however, the length of a stub 
increases. Subsequently, the time constant of signal reflections becomes 
large. Therefore waveforms obtained where a high-speed signal is 
transmitted through this wiring are significantly distorted by multiple 
reflections, as shown in Fig. 2. 

[0005] The above-described known memory module has a problem that 
the waveforms thereof are significantly distorted due to a high-speed signal. 
[0006] The problem is caused by the configuration of the memory 
module. That is to say, the DRAMs functioning as memory chips are divided 
into two groups and these two groups are connected to each other via the 
wiring with a T-branch structure. Since the length of the stub increases, the 
time constant of signal reflections increases and the distortion of waveforms 
becomes significant. 

[0007] Such related technique is disclosed in, for example, Japanese 
Unexamined Patent Application Publication (JP-A) No. 2001-270518. 

SUMMARY OF THE INVENTION 
[0008] Accordingly, it is an object of the present invention to provide a 
memory module, a plurality of memory chips used therefor, and a memory 
system using the memory module and the plurality of memory chips so as to 
solve the above-described problem and reduce the waveform distortion due 
to a high-speed signal. 

[0009] A memory module according to one aspect of the present 
invention comprises a module substrate, at least one command-address 
signal register, a plurality of memory chips provided on a top face and under 
face of the module substrate, each of the plurality of memory chips having a 
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command-address signal terminal with an active-termination circuit, and 
command-address signal wiring. The command-address signal register is 
internally wired and connected to the plurality of memory chips. 
[001 0] The plurality of memory chips is divided so as to form at least 
one 1 -ranked memory group including two or three memory chips that are 
provided on one face and the other face of the module substrate and near 
and adjacent to each other and at least one 2-ranked memory group 
including two or three memory chips that are provided on one face and the 
other face of the module substrate and near and adjacent to each other. The 
1 -ranked memory group is paired with the 2-ranked memory group adjacent 
thereto so that this pair of memory groups has four or five memory chips. 
This pair of memory groups is accessible at the same time. The command- 
address signal wiring has a T-branch structure and is used for connecting 
the command-address signal register to the pair of memory groups 
corresponding thereto. When access is made, one of the pair of memory 
groups is used during the access and the other is not used. The command- 
address signal terminals of the memory chips of the memory group that is 
not used during the access are actively terminated. That is to say, the 
command-address signal terminals of the memory chips of either the 1- 
ranked memory group or the 2-ranked memory group are actively terminated. 
The memory module has other signal wiring with the same structure as that 
of this command-address signal wiring. 

[0011] According to the topology of the above-described signal wiring 
with the T-branch structure, memory chips close and/or adjacent to each 
other on one face or both faces of the module substrate are paired with each 
other. Therefore, the length of a stub decreases. Active termination is 
performed in the memory chips of a memory group on the signal-non- 
reception side, the memory group being one of the pair of memory groups 
connected to each other via the command-address signal wiring with the T- 
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branch structure. Therefore, the wiring of the memory chips of a memory 
group on the signal-reception side, the memory group being the other of the 
pair of memory groups, functions as an open end. Therefore, if signal 
reflections occur at the open end on the signal-reception side, the time 
constant thereof is small. Subsequently, the waveforms are prevented from 
being significantly distorted. Conversely, moderate signal reflections achieve 
fine waveforms with sharp rise and fall. 

[0012] Preferably, the above-described memory module further 
comprises data signal wiring with a T-branch structure for connecting one of 
the pair of memory groups to the other. Each of the plurality of memory 
chips may further have a data signal terminal. The data-signal terminals of 
the memory chips of the memory group that is not used during the access 
may be actively terminated. 

[0013] Preferably, the memory module further comprises command- 
address active-termination control signal wiring connected to a module 
terminal corresponding to any of the memory groups. 
[0014] Preferably, the memory module further comprises clock-signal 
wiring with a T-branch structure. Each of the plurality of memory chips may 
further have a clock signal terminal. An even-number of the command- 
address signal registers may be provided so as to form at least two groups. 
The clock signal wiring may be connected to the command-address signal 
registers and the memory chips so as to connect the at least two groups of 
command-address signal registers to each other and the pair of memory 
groups to each other. The clock-signal terminals of the memory chips of one 
of the pair of memory groups may be actively terminated. 
[0015] Preferably, each memory group of at least one of the pairs of 
memory groups adjacent and connected to each other so as to form a T- 
branch structure has two stacked memory chips on one face of the module 
substrate and one memory chip on the other face of the module substrate. 
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The command-address signal terminal of the memory chip on the other face 
may be actively terminated. 

[0016] Preferably, four pairs of the memory groups with ECC (error 
checking and correcting) capability are provided. These four pairs of the 
memory groups may include six memory groups. Each of the six memory 
groups may have one memory chip on one face of the module substrate and 
another memory chip on the other face thereof. These four pairs of the 
memory groups may further include two memory groups. Each of the two 
memory groups may have two memory chips stacked on each other on one 
face of the module substrate and another memory chip on the other face 
thereof. 

[0017] Preferably, the stacked memory chips include a single memory 
chip with a first pad provided on one face of a printed circuit board and 
another single memory chip with a second pad provided on the other face 
thereof. The command-address signal wiring may be connected to both the 
first and second pads through a single wire and the data-signal wiring may 
be connected to one of the first and second pads through another single wire. 
A signal line of the stacked memory chips may be sandwiched between a 
power layer and a ground layer so as to form a strip line. 
[0018] Preferably, the memory module further comprises clock-signal 
wiring with a T-branch structure for connecting one of the memory groups 
paired with each other to the other. Memory chips of one of the pair of 
memory groups may be terminated. 

[0019] Preferably, each of the plurality of memory chips further has an 
active-termination circuit for a command-address active-termination control 
signal, a circuit for latching the command-address active-termination control 
signal, and a circuit for turning at least part of the active-termination circuit 
when the command-address active-termination control signal is latched 
during the active-termination circuit is turned on. 
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[0020] A memory system according to another aspect of the present 
invention comprises a mother board, first and second memory modules that 
have been described above on the mother board, and a memory controller 
connected to a plurality of memory chips mounted on the first and second 
memory modules so as to control memory capability. A signal wirings 
between each of the memory modules and the memory controller may be 
independently connected therebetween. 

[0021] Preferably, the first memory module is provided at a first 
distance from the memory controller and the second memory module is 
provided at a second distance longer than the first distance from the memory 
controller. Signal wiring from the first memory module to the memory 
controller may be formed as internal-layer wiring and signal wiring from the 
second memory module to the memory controller may be formed as surface- 
layer wiring. 

[0022] A memory system according to another aspect of the present 
invention comprises a mother board, first and second memory modules that 
have been described above on the mother board, and a memory controller 
connected to a plurality of memory chips mounted on the first and second 
memory modules so as to control memory capability. Among signal wirings 
between each of the memory modules and the memory controller, at least 
one of the command-address signal and the clock signal may be connected 
through wiring with a T-branch structure. 

[0023] The configuration of the memory module of the present 
invention allows for reducing the waveform distortion during writing and/or 
reading a high-speed signal and achieving memory capability with reliability. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0024] Fig. 1 illustrates example block wiring used for a known memory 
module; and 
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[0025] Fig. 2 illustrates example simulation waveforms obtained where 

the known memory module shown in Fig. 1 is used. 

[0026] Fig. 3 illustrates an example configuration and example block 

wiring of a memory module according to the present invention; 

[0027] Fig. 4A illustrates an example VTT active-termination circuit that 

can be used for the present invention; 

[0028] Fig. 4B illustrates an example center-tap active-termination 
circuit that can be used for the present invention; 

[0029] Fig. 5 illustrates an example configuration of a memory system 
according to the present invention; 

[0030] Fig. 6 illustrates example signal wiring of the memory system; 
[0031] Fig. 7 is a time chart illustrating an example operation performed 
by the memory module; 

[0032] Fig. 8 schematically illustrates example wiring with a T-branch 
structure that can be used for the memory module; 

[0033] Fig. 9 illustrates example simulation waveforms obtained at a 
measuring point shown in Fig. 8; 

[0034] Fig. 10 is a schematic diagram illustrating an example where 
active termination is performed in all DRAMs shown in Fig. 8; 
[0035] Fig. 11 illustrates example simulation waveforms obtained at a 
measuring point shown in Fig. 10; 

[0036] Fig. 12 is a schematic diagram illustrating an example where a 
position at which active termination is performed is moved from the DRAM 
on the signal-non-reception side of Fig. 8 to a DRAM on the signal-reception 
side; 

[0037] Fig. 13 illustrates example simulation waveforms obtained at a 
measuring point shown in Fig. 12; 

[0038] Fig. 14 illustrates another example configuration and block 
wiring of the memory module different from those of Fig. 3 in that eighteen 
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DRAMs including fourteen DRAMs and two units of two DRAMs stacked on 
each other are used; 

[0039] Fig. 15 illustrates example wiring with a T-branch structure that 
can be used for the memory module shown in Fig. 14; 
[0040] Fig. 16 illustrates example simulation waveforms obtained at a 
measuring point shown in Fig. 15; 

[0041] Fig. 17A illustrates an example topology of signal wiring used for 
a package substrate of the stacked DRAMs shown in Fig. 14; 
[0042] Fig. 1 7B illustrates another example topology of signal wiring 
used for the package substrate of the stacked DRAMs shown in Fig. 14; 
[0043] Fig. 18 illustrates an example topology of CA-signal wiring 
shown in Fig. 14; 

[0044] Fig. 19 illustrates an example topology of DQ-signal wiring 
shown in Fig. 14; 

[0045] Fig. 20 illustrates another example configuration and block 
wiring of the memory module of the present invention where eighteen 
DRAMs different from those shown in Fig. 14 are used; 
[0046] Fig. 21 illustrates another example configuration and block 
wiring of the memory module of the present invention wherein eighteen 
DRAMs different from those shown in Figs. 14 and 20 are used; 
[0047] Fig. 22 illustrates another example configuration and block 
wiring different from those shown in Figs. 3, 14, 20, and 21 of the memory 
module of the present invention; 

[0048] Fig. 23 illustrates example clock-signal wiring used for the 
memory module of the present invention; 

[0049] Fig. 24 illustrates example block wiring used for another memory 
system according to the present invention, the memory system being 
different from that shown in Fig. 6; 

[0050] Fig. 25 illustrates an example CA active-termination control 
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circuit used for the memory system of the present invention; 
[0051] Fig. 26 is a time chart illustrating an example operation 
performed by another memory module according to the present invention 
shown in Fig. 25; 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0052] Embodiments of the present invention will now be described 
with reference to the attached drawings. The drawings are simplified for the 
sake of understanding so as to show main elements of the present invention. 
[0053] Fig. 3 is a block wiring diagram illustrating a first embodiment of 
the present invention. As shown in this drawing, a memory module 10 
includes 11-1 -ranked and 11-2-ranked devices that are accessible at the 
same time. These devices are sixteen dynamic random access memories 
(DRAMs) 12. These DRAMs 12 are divided into two groups formed on both 
faces of a module substrate and each of the two groups includes eight 
DRAMs 12. These eight DRAMs 12 are divided into four memory groups 
and each of the four memory groups includes two DRAMs. One of the two 
DRAMs is mounted on one face of the module substrate and the other is 
mounted on the other face thereof. These two DRAMs are commonly wired. 
Therefore, this drawing shows only eight DRAMs 12. That is to say, each of 
the memory groups is paired with the other memory group adjacent thereto. 
Further, the rank of one of each pair of the adjacent memory groups is 
different from that of the other. 

[0054] Thus, according to this embodiment, one DRAM 12 on the top 
surface of the module substrate is paired with another DRAM 12 on the 
under surface thereof so as to form one memory group. One of the pair of 
adjacent memory groups is 11-1 -ranked and the other is 11-2 ranked. That 
is to say, the memory groups are provided so that the rank of one of adjacent 
memory groups is different from that of the other. However, the DRAMs 12 
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may be provided on the top surface and under surface of the module 
substrate so as to be adjacent and close to one another. In this case, 
adjacent two memory groups function as one unit. One of the two adjacent 
memory groups may include two or three DRAMs 12 so that the two 
adjacent memory groups include four or five DRAMs 12. 
[0055] Each of the DRAMs 12 has a command-address (CA) signal 
terminal, a data (DQ) signal terminal, a CA-active termination control (ODT- 
CA) signal terminal, and a clock (WCLK) signal terminal. The CA signal 
terminal has an active-termination circuit. 

[0056] The memory module 10 further has four CA-signal registers 
(CARs) 13 so as to divide the DRAMs 12 into two groups. As in the case of 
the DRAMs 12, the CARs 13 are mounted on the top surface and under 
surface of the module substrate and commonly wired. Therefore, this 
drawing shows two CARs 13. Each of the CARs 13 has two CA-signal input 
terminals, a CA-signal output terminal, and a WCLK-signal terminal. 
[0057] Next, the configuration of signal wiring and connection will be 
described with reference to this drawing. 

[0058] CA-signal wiring between the DRAMs 12 and the CARs 13 is 
established as below. Adjacent two memory groups including the DRAMs 12 
are paired with each other and connected to each other through wiring with a 
T-branch structure. Where one of the pair of memory groups, for example, 
the 11-1-ranked memory group operates, the CA-signal terminals of the 
DRAMs 12 of the 11-2 ranked memory group are turned on and actively 
terminated. 

[0059] This T-branch structure allows for reducing the length of wiring 
from the adjacent DRAMs 12 to a branch point as much as possible. That is 
to say, the length of a stub can be reduced as much as possible. This 
branch point is provided at a predetermined position so that the length of 
wiring of this pair of memory groups from the branch point to the CAR 13 
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becomes the same as that of another pair of memory groups adjacent 
thereto. Subsequently, significant waveform distortion can be prevented 
even though high-speed signals are input to the memory module 10. 
[0060] DQ-signal wiring forms the T-branch structure so as to pair 
adjacent DRAMs 12 with each other and is terminated actively at a DRAM 
12 adjacent to a DRAM 12 in operation. 

[0061] ODT-CA-signal wiring connected to each of the DRAMs 12 
extends from a module terminal corresponding to the DRAM 12. 
[0062] As shown in this drawing, WCLK-signal wiring is provided for 
each of the DRAMs 12 and each of the CARs 13. That is to say, the WCLK- 
signal wiring has a T-branch structure so as to pair adjacent DRAMs 12 with 
each other and adjacent CARs 13 with each other. The WCLK-signal wiring 
has two wires respectively connecting to the pair of adjacent DRAMs 12 or 
the pair of adjacent CARs 1 3. One of the two wires is opened and the other 
is terminated. 

[0063] Where a CA signal is transmitted from the CAR 1 3 to the 1- 
ranked DRAM 12, a CA active-termination circuit of the 2-ranked DRAM 12 
is turned on. On the other hand, where another CA signal is transmitted 
from the CAR 13 to the 2-ranked DRAM 12, a CA active-termination circuit of 
the 1 -ranked DRAM 12 on one face of the module substrate is turned on. 
[0064] An effective termination resistance value of the active 
termination circuit of one of the DRAM 12s is the same as that of 
characteristic impedance value of signal wiring connected thereto. 
[0065] Figs. 4A and 4B show example active-termination circuits. 
[0066] Fig. 4A shows a VTT active-termination circuit including a 
resistor Rterm connected to a termination power 21 via pass transistors 22 
and 23 in parallel. Where the value of a termination voltage is one-second of 
a voltage V D dq, the resistor Rterm should be connected to this termination 
power 21 . However, the termination voltage value of the VTT may be the 
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same as that of V D dq, as required. Fig. 4B shows a center-tap active- 
termination circuit including transistors 22 and 23 in series and two resistors 
2xRterm. A termination voltage is connected to a center tap between the 
transistors 22 and 23 and the two resistors 2xRterm. Another voltage source 
is not necessary where the value of the termination voltage is one-second of 
the voltage V D dq, though the power consumption increases. 
[0067] A termination resistor is provided at the signal-input side of each 
of the CARs 13. 

[0068] The configuration of a memory system will now be described 
with reference to Figs. 5, 6, and 3. 

[0069] As shown in Fig. 5, two memory modules 10(1) and 10(2) and a 
memory controller 31 are mounted on a mother board 30. A signal between 
terminals of the memory controller 31 and the memory module 10(1) and a 
signal between the terminals of the memory controller 31 and the memory 
module 10(2) are independently wired and connected therebetween. The 
terminal of the memory module 10(1) is formed in a connector 32(1) 
extending from the DRAMs 12 and the CARs 13. Further, the terminal of the 
memory module 10(2) is formed in a connector 32(2) extending from the 
DRAMs 12 and the CARs 13. 

[0070] As shown in Fig. 5, the position at which the memory module 
10(1) is provided is closer to the memory controller 31 than the position at 
which the memory module 10(2) is provided is. Wiring between the memory 
module 10(1) and the memory controller 31 is surface-layer wiring and wiring 
between the memory module 10(2) and the memory controller 31 is internal- 
layer wiring, so that the length of wiring between the memory controller 31 
and the connector 32(1) is substantially the same as the length of wiring 
between the memory controller 31 and the connector 32(2). Aground is 
provided between the surface-layer wiring and the internal-layer wiring as a 
ground layer. Further, a power layer is provided on an under face of the 
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mother board 30. 

[0071] Fig. 6 shows part of the memory system. Main operations of the 
memory system will now be described with reference to Fig. 7. 
[0072] Where a CA signal is transmitted to the 1 -ranked DRAM 12, the 
memory controller 31 outputs the CA signal to the CAR 13 and an ODTJ3A 
signal to the 2-ranked DRAM 12 over a time period including two clock 
cycles per every instruction in synchronization with a WCLK signal. This 
synchronization is achieved by center aligning, that is to say, by providing a 
clock edge at the center of a period where data is valid. Subsequently, the 
CA signal is input to the CAR 13 and the active termination circuit of the 2- 
ranked DRAM 12 is turned on. 

[0073] Then, the CAR 13 outputs CA signals to the 1 -ranked DRAM 12. 
The 1 -ranked DRAM 12 receives each of the CA signals at an even- 
numbered edge indicated by an arrow of the WCLK signal. The ODT_CA 
signal is turned off when a period of time corresponding to one half cycle 
elapses after the last CA signal is output. 

[0074] Where a DQ signal is written into the 1 -ranked DRAM 12, a DQ 
active-termination circuit of the 2-ranked DRAM 12 is turned on. Where the 
DQ signal is transferred to the 2-ranked DRAM 12, only the active- 
termination circuit of the 1 -ranked DRAM 12 on one face of the module 
substrate is turned on. This control is performed by a CA resistor. Where 
the DQ signal is read, the DQ signal may be transferred in synchronization 
with a DQ strobe signal as in the case of a known DDR-SDRAM. If the 
memory controller 31 has input-timing optimization capability, the DQ strobe 
signal may not be used. 

[0075] Improved waveforms achieved by the present invention will now 
be described with reference to Fig. 8 showing the configuration of part of the 
memory system and Fig. 9 showing simulation waveforms. 
[0076] Since the T-branch wiring according to the present invention is 
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formed between adjacent DRAMs 12, the length of a stub is relatively short, 
for example, a little over ten millimeters. Therefore, if signal reflections occur 
at the open end of the 1 -ranked DRAM 12 during signal reception, the 
waveforms are prevented from being significantly distorted due to a small 
time constant. Conversely, fine waveforms can be obtained by moderate 
signal reflections. 

[0077] Where active termination is performed in the 2-ranked DRAM 12 
on the signal-non-reception side being one of the DRAMs 12 paired with 
each other through T-branch wiring, the wiring connected to the 1 -ranked 
DRAM 12 on the signal-reception side forms an open end. Therefore, signal 
reflections occur and the rise and fall of signal waveforms become sharp, 
whereby improved signal waveforms can be obtained. 
[0078] Fig. 10 is a schematic diagram showing an example 
configuration of part of the memory module and Fig. 11 shows example 
signal waveforms obtained when the 1 -ranked DRAM 12 on the signal- 
reception side is terminated. In this case, a signal directly reaches the 
terminated part, and a reflected signal reaches the terminated part with a 
predetermined delay. Therefore, the rise and fall of the signal waveforms 
become blunt. 

[0079] Fig. 12 is a schematic diagram showing another example 
configuration of part of the memory module and Fig. 13 shows example 
signal waveforms obtained when the 1 -ranked DRAM 12 on the signal- 
reception side is terminated. As in the above-described case, a signal 
directly reaches the terminated part, and a reflected signal reaches the 
terminated part with a predetermined delay. Therefore, the rise and fall of 
the signal waveforms become blunt. 

[0080] The above-described wiring is used for transmitting and 
receiving CA signals between the DRAM 12 and the CAR 13. However, the 
wiring can be used for transmitting and receiving signals between the DRAM 
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12 and an element other than the CAR 13. For example, a PLL (phase- 
locked-loop) circuit can be used for transmitting and receiving a WCLK 
signal. 

[0081] Without being limited to the above-described block diagrams, 
any part of this memory module can be replaced with another part as long as 
the above-described capabilities of the present invention can be achieved. 
[0082] A second embodiment of the present invention will now be 
described with reference to Figs. 14 to 19. 

[0083] According to this embodiment, eighteen DRAMs 12 are used, as 
shown in Fig. 14. That is to say, two DRAMs 12 are added to the DRAMs 12 
of the first embodiment. These two added DRAMs 12 are stacked on a 
predetermined 1 -ranked DRAM 12 and a predetermined 2-ranked DRAM 12 
being adjacent thereto and paired therewith, whereby two units of two 
DRAMs stacked on each other are formed. One of the two units of the 
stacked DRAMs 12 is provided on one face of the module substrate and a 
DRAM 12 is provided on the other face thereof so as to form a memory 
group. The other of the two units of the stacked DRAMs 12 on one face of 
the module substrate and another DRAM 12 on the other face thereof also 
form another memory group. According to this configuration, active 
termination is performed in the DRAMs 12 on the other face of the module 
substrate. Fig. 16 shows simulation waveforms obtained by the above- 
described configuration. These simulation waveforms are a little blunter than 
the simulation waveforms shown in Fig. 9 but sharper than those shown in 
Figs. 11 and 13. 

[0084] Each of Figs. 17A and 17B shows example signal wiring formed 
in stacked DRAMs 50 according to this embodiment. The stacked DRAMs 
50 includes DRAMs 52 and 53 formed as memory chips. The DRAM 52 is 
provided on one face of a printed circuit board 51 and the DRAM 53 is 
provided on the other face thereof. That is to say, signal wiring extending 
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from a ball terminal 57 is connected to a pad 54 of the DRAM 52 and a pad 
55 of the DRAM 53 through a via hole 56. 

[0085] In Fig. 17A, a signal layer is connected to the pads 55 and 54. A 
voltage V D dq layer is formed on one face of the printed circuit board 51 and a 
voltage V S sq layer is formed on the other face thereof. Thus, the signal 
wiring of the stacked DRAMs 50 is provided between a power layer and a 
ground layer so as to form a strip line. Subsequently, the quantity of noise 
on signals decreases. 

[0086] In Fig. 17B, a signal layer is connected to the pads 54 and 55 
and externally connected to one of the DRAMs 52 and 53. In this case, the 
signal layer is externally connected to the DRAM 53. The voltage V D dq layer 
and the voltage V S so layer are formed between internal layers of the printed 
circuit board 51 . Since the power layer and the ground layer are provided so 
as to be adjacent to each other, a loop inductance between the power and 
the ground decreases, and the noise quantity in the power and the ground 
reduces. 

[0087] Fig. 1 8 shows wiring for taking out a CA signal of the stacked 
DRAMs 50. The CA signal of the stacked DRAMs 50 is taken out from an 
internal layer of the printed circuit board 51, as shown in Fig. 17A. Then, the 
CA signal is transmitted to a module substrate 61 . Further, a CA signal of a 
DRAM 63 provided on an under face of the stacked DRAMs 50 is taken out 
from an internal layer of a package substrate 62 and transmitted to the 
module substrate 61. That is to say, the CA-signal wiring is connected to 
both the DRAMs 50 and 63. Since the load on the CA-signal wiring 
connected to the stacked DRAMs 50 and the amount of time delay increase, 
the length of this CA-signal wiring should be reduced so as to be smaller 
than that of CA-signal wiring with a different configuration so as to 
synchronize the timing of this CA signal with the timing of other CA signals. 
[0088] Fig. 19 illustrates wiring for taking out DQ signals of the stacked 
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DRAMs 50. The positions at which the stacked DRAMs 50 and the DRAM 
63 are provided are the same as those shown in Fig. 18. However, each of 
the DQ signals is separately taken out from pads of the DRAMs 52, 53, and 
63. That is to say, the DQ-signal wiring is formed of a single wire and 
connected to the pads. Each of the pads is provided on one face of each of 
the DRAMs. 

[0089] A third embodiment of the present invention will now be 
described with reference Fig. 20. In this embodiment, eighteen DRAMs with 
ECC (error checking and correcting) capability different from the DRAMs 
shown in Fig. 14 are used. 

[0090] As shown in this drawing, a memory module 70 includes a 
plurality of 71 -ranked devices. These 71 -ranked devices comprise nine 
DRAMs 72 on a top face of a module substrate and nine DRAMs 72 on an 
under face thereof. A fifth DRAM 72 on the top face, that is, the DRAM 72 at 
the center of the top face is 2-ranked. On the other hand, a fifth DRAM 72 
on the under face, that is, the DRAM 72 at the center of the under face is 1- 
ranked. These first to ninth DRAMs 72 on the top face are designated by 
reference character A, and these first to ninth DRAMs 72 on the under face 
are designated by reference character B. 

[0091] Subsequently, the DRAMs 1A, 1B, 3A, 3B, 5B, 6A, 6B, 8A, and 
8B are 1 -ranked. Further, the DRAMs 2A, 2B, 4A, 4B, 5A, 7A, 7B, 9A, and 
9B are 2-ranked. Adjacent memory groups at the center of the memory 
module 70 are paired with each other. The pair of adjacent memory groups 
includes the 1 -ranked DRAMs 5B, 6A, and 6B, and the 2-ranked DRAMs 7A 
and 7B. Other adjacent memory groups at the center of the memory module 
70 are also paired with each other. This pair of adjacent memory groups 
includes the 1-ranked DRAMs 3Aand 3B, and the 2-ranked DRAMs 4A, 4B, 
and 5A. Each of these pairs of adjacent memory groups has a T-branch 
structure as in the above-described embodiments. 
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[0092] Where a CA signal is transferred from a CAR 73 to the 1 -ranked 
DRAMs 72, a CA active-termination circuit of each of the 2-ranked DRAMs 
72 is turned on. Where another CA signal is transmitted from the CAR 73 to 
the 2-ranked DRAMs 72, a CA active-termination circuit of the 1 -ranked 
DRAM 72 on one face of the module substrate is turned on. For achieving 
this embodiment, two CARs 73 should be provided under the DRAMs 72, as 
shown in this drawing. Since T-branch wiring extending from a CA-signal 
terminal of the memory module 70 becomes large, a wiring-impedance 
matching resistor R (=Zm-Z0/2) is provided between the CA-signal terminal 
and a branch point of the T-branch wiring. Here, Zm indicates the 
characteristic impedance of the mother-board wiring. Further, Z0 indicates 
the characteristic impedance of the memory-module wiring. By using the 
above-described resistor R, the length of wiring between the CARs 73 and 
the DRAMs 72 reduces. Further, time required for transmitting signals 
reduces, whereby clock signals can be generated with speed higher than in 
the past. 

[0093] A fourth embodiment of the present invention will now be 
described with reference to Fig. 21. This drawing shows eighteen DRAMs 
with ECC capability. These DRAMs are different from those shown in Figs. 
14 and Fig. 20. 

[0094] As shown in the drawing, a memory module 80 includes 81- 
ranked devices. These 81 -ranked devices comprise nine DRAMs 82 on a 
top face of a module substrate and nine DRAMs 82 on an under face thereof, 
as in the case of Fig. 20. Every three memory groups adjacent to one 
another include at least one 1 -ranked memory group and at least one 2- 
ranked memory group. DRAMs 82 of a memory group at the center of these 
three memory groups are provided on the top face and under face of the 
module substrate, as described above. One of these DRAMs 82 of this 
center memory group is 1 -ranked and the other is 2-ranked. Hereinafter, first 
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to ninth DRAMs 82 on the top face are designated by reference character A, 
and first to ninth DRAMs 82 on the under face are designated by reference 
character B. 

[0095] Subsequently, a first CA-signal line extending from the DRAMs 
1 A to 3A and the DRAMS 1 B to 3B is connected to a CAR 83-1 . Further, a 
second CA-signal line extending from the DRAMs 7Ato 9Aand the DRAMS 
7B to 9B is connected to a CAR 83-2. A third CA-signal line extending from 
the DRAMs 4A to 6A and the DRAMs 4B to 6B are connected to the CAR 
83-1 or to the CAR 83-2. However, the third and fourth lines can be 
connected to both the CARs 83-1 and 83-2, as required. According to this 
configuration, nine 81-ranked devices or nine DRAMs 82 on each face of the 
module substrate are divided into three groups. The wiring configurations of 
these three groups are the same as one another, so that the lengths of lines 
of these three groups are the same as one another. Subsequently, 
variations in the waveforms of the three groups are reduced. 
[0096] A fifth embodiment of the present invention will now be 
described with reference to Fig. 22. Nine DRAMs with ECC capability are 
used in this embodiment. 

[0097] This drawing also shows a memory module 90 including 91- 
ranked devices that will be described as below. The above-described nine 
DRAMs are provided at predetermined positions corresponding to the 
positions shown in Fig. 14 at which the 1 -ranked DRAMs are provided. 
Seven of these nine DRAMs are provided as DRAMs 92 and two thereof are 
stacked on each other and provided as stacked DRAMs 93. Further, fixed 
resistors Rf are provided in place of DRAMs at predetermined positions 
corresponding to the positions shown in Fig. 14 at which the 2-ranked 
DRAMs are provided and paired with the DRAMs adjacent thereto. The 
positions of CARs 94 and signal lines are same as in the case of Fig. 14. 
[0098] A sixth embodiment relating to clock-signal wiring of the present 
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invention will now be described with reference to Fig. 23. In this 
embodiment, a PLL circuit 101 is used in place of the above-described CA 
registers so as to generate clock signals that are connected to the DRAMs. 
This clock-signal wiring has a T-branch structure so that adjacent DRAMs 
are paired with each other. Termination is performed in DRAMs on the 
signal-non-reception side. 

[0099] Timing margins of the memory system will now be described. 
[0100] As has been described, the internal-layer wiring is used as the 
signal wiring extending from the memory controller to the memory module 
close thereto. The surface-layer wiring is used as the signal wiring 
extending from the memory controller to the other memory module far 
therefrom. 

[0101] According to the configuration of this memory system of the 
present invention, the above-described two memory modules are accessible 
at the same time. If accesses are made to the above-described memory 
modules through two lines and time required for transmitting a signal through 
one of the lines is the same as that of the other, the timing of inputting a 
signal to the memory controller through one of the lines differs from the 
timing of inputting another signal to the memory controller through the other 
line during signal reading. This difference reduces timing margins of the 
memory system. 

[0102] In general, the time required for transmitting a signal through the 
surface-layer wiring is about 6ns/m and that for transmitting a signal through 
the internal-layer wiring is about 7ns/m. That is to say, the time required for 
transmitting a signal through the internal-layer wiring is longer than that in 
the case where a signal is transmitted through the surface-layer wiring. 
Further, the length of signal wiring extending from the memory controller 31 
to the memory module close thereto is about 100 millimeters and the length 
of signal wiring extending from the memory controller 31 to the memory 
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module far therefrom is about 120 millimeters. Therefore, the internal-layer 
wiring is used as the signal wiring from the memory controller 31 to the 
memory module close thereto and the surface-layer wiring is used as the 
signal wiring from the memory controller 31 to the memory module far 
therefrom. Consequently, the time required for transmitting a signal from the 
memory controller 31 to the memory module close thereto becomes the 
same as the time required for transmitting a signal from the memory 
controller 31 to the memory module far therefrom, whereby the amount of 
input-timing-margin reduction of the memory controller 31 during signal 
reading can be reduced. 

[0103] Fig. 24 shows a memory system whose configuration is different 
from that of the memory system shown in Fig. 6. This memory system has a 
memory controller 113, a memory module 110(1) including two DRAMs, a 
CAR, and a PLL circuit, and a memory module 110(2) including two DRAMs, 
a CAR, and a PLL circuit. As shown in this drawing, signal wiring between 
the memory controller 113 and the two DRAMs of the memory module 
110(1) may have a T-branch structure. Signal wiring extending from the two 
DRAMs of the memory module 110(1) to the CAR thereof may also have a 
T-branch structure. Further, signal wiring between the memory controller 
113 and the two DRAMs of the memory module 110(2) may have a T-branch 
structure. Signal wiring extending from the two DRAMs of the memory 
module 110(2) to the CAR thereof may also have a T-branch structure. 
According to the above-described configurations, the number of pins and 
wires of the memory controller 113 reduces, whereby the cost of 
manufacturing the memory controller 113 reduces. 
[01 04] A circuit for transmitting an ODT_CA signal will now be 
described with reference to Figs. 25 and 26. 

[0105] As shown in Fig. 25, an ODT_CA signal transmitted from a 
memory controller 130 is connected to a latch circuit 122 in a DRAM 121 of 
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a memory module 120. An output signal from the latch circuit 122 functions 
as an ODT_CA active-termination control signal. During transition of the 
ODT_CA signal from a ground level Lto a power-voltage level H, a 
termination circuit 123 is terminated at a ground. When the ODT_CA signal 
reaches the power-voltage level H, the termination circuit 123 is terminated 
at the voltage V DDQ . The termination circuit 123 is also terminated at the 
voltage V D dq during transition of the ODT__CA signal from the power-voltage 
level H to the ground level L. The termination circuit 123 is terminated at the 
ground when the ODT_CA signal reaches the ground level L. 
[0106] The memory controller 130 has an ODT_CA-signal output circuit 
131 including an output resistor Ron. The resistance value of the output 
resistor Ron is matched to the value of a characteristic impedance Z0 of 
ODT_CA-signal wiring for reducing noises caused by signal reflections. 
Subsequently, the resistance value Ron becomes equal to the characteristic 
impedance Z0. This output resistor Ron terminates an output terminal of the 
ODT_CA-signal output circuit 131. 

[0107] As has been described, an ODTJ3A signal is latched to the 
power-voltage level H or the ground level L according to the level of the 
ODTCA signal. If the ODTCA signal is latched to the power-voltage level 
H, an ODT_CA active terminal 124 on the ground side is turned off. If the 
ODT_CA signal is latched to the ground level L, the ODT CA active terminal 
124 on the power-voltage side is turned off. In both cases, no currents flow 
into the ODT_CA active terminal 124 and the power consumption of the 
DRAM 121 reduces. 

[0108] Although the above-described signals have been described as 
single-end signals, differential signals can be used. 



